The potential of a biphasic dissolution system to assist with the analysis of controlled-release (CR), Biopharmaceutics Classification System (BCS) Class II pharmaceutical products has been investigated. Use of a biphasic dissolution medium (aqueous/octanol) provided sink conditions and afforded complete dissolution of nifedipine formulated in a CR matrix tablet while maintaining the dosage form in an aqueous environment. This was not possible in a monophasic (aqueousonly) dissolution medium. Consequently, the biphasic model allowed the discrimination of three formulations containing different HPMC loadings while the monophasic medium did not. The performance of the formulations in conventional dissolution media incorporating the inorganic salt dibasic sodium phosphate, the surfactant sodium dodecyl sulfate (SDS), and ethanol as solubility modifiers was assessed. The addition of the salt and surfactant failed to produce complete discrimination in a predictive manner. The use of a hydroalcoholic medium comprising water and ethanol enabled the statistical discrimination of the three formulations but not as effectively as the biphasic medium.
INTRODUCTION
C ontrolled-release (CR) matrix systems are designed to continuously deliver and maintain a drug concentration at a desired level in the body (1) . Advantages of such systems include the maintenance of plasma drug concentrations in a therapeutically desired range (2), a reduction in toxic side effects (3), improved patience compliance (4) , and a reduction in the required administration frequency (5) . Typically the basis for such matrices are cellulose ether polymers such as hydroxypropyl methylcellulose (HPMC), which form a pseudogel layer on the surface of the tablet when exposed to water. Drug release from the system can then occur by two mechanisms: erosion of the gel layer (poorly water-soluble drugs) and dissolution and diffusion through the hydrated gel layer (soluble drugs) (6) (7) (8) (9) (10) .
When developing a CR drug, it is common practice to design multiple formulations with different release profiles. While it is hoped that one of these designs will provide the desired pharmacokinetic (PK) profile when tested in vivo, further iterations of the formulations may be required. Reliable in vitro dissolution techniques should provide information on the stability of the product, enable accurate quality control testing, and in many cases, establish in vitro-in vivo correlations (IVIVCs) (11) . Of these, an IVIVC is highly advantageous as it allows drug companies to adjust formulations without the need for further in vivo testing (12) . However, the development of such biorelevant dissolution methods for CR formulations can be problematic. This is typically the case with Biopharmaceutics Classification System (BCS) Class II drugs, where adequate dissolution in aqueous solutions at a physiological pH cannot necessarily be achieved (13) . Since many aqueous media fail to provide sink conditions for low-solubility compounds, dissolution method development can be challenging with insufficient drug release and slow release rates, two commonly encountered problems (14) . Methodologies that eliminate this sink hindrance are therefore desirable to assist with formulation development.
One way of providing sink conditions is through the use of larger volumes of aqueous dissolution media, either directly (15) (16) (17) or via alternative dissolution systems such as the flow-through apparatus (USP Apparatus 4) in the open-loop configuration (18, 19) . The former method, however, has the practical implications and expense associated with the handling of a large volume of media, while the later can consume vast volumes of media when testing CR formulations.
One of the most common and well-documented ways of providing adequate sink is through the addition of surfactants to the dissolution media. This is especially useful for the dissolution of immediate-release (IR) products (20) (21) (22) where the improved release rate has been rationalized by the ability of the surfactant to increase the hydrophilicity of the dosage form (23) , act as a wetting agent (24) , and increase micellar solubilization (25) . However, there is substantial evidence to suggest the existence of an interaction between surfactants and cellulose ethers present in CR matrix systems. Nilsson (26) demonstrated that the addition of sodium dodecyl sulfate (SDS) to HPMC-containing solutions increased the solution cloud points, which was further related to an increase in polymer solubility. Alternatively, Saito (27) and Daly et al. (28) demonstrated that the addition of SDS to HPMCbased matrices increased the solution viscosity and resulted in an increased duration of drug release. Alli et al. (29) attributed this to a two-step process, namely an iondipole interaction between the polymer and surfactant, followed by hydrophobic bonding between hydrocarbon chains in surfactants associated with different polymer chains. They suggested that these chain extensions and subsequent higher molecular weights resulted in an increased viscosity. Since these interactions can modify the mechanism of release from the matrix and hence lead to a release profile that is no longer relevant in vivo, the addition of surfactants to CR formulations containing poorly water-soluble drugs requires careful consideration.
Alternative methods for improving the solubility of poorly soluble drugs are available, including the addition of inorganic salts to change the ionic strength of a given medium (30) . Equally, hydrophobic cosolvents are useful at improving solubility though they provide no physiological relevance (31) . Such solvents also carry the risk of an increase in dissolution variability as a result of an interaction between some of the tablet components and the medium cosolvents (32) . This could be especially problematic if the cosolvent interacts with the polymer matrix.
Given the potential limitations of the previously discussed methods, an alternative method that affords complete dissolution in a realistic aqueous environment, while not interfering with the polymer matrix, is highly desirable. One such option is that of a biphasic dissolution system. The basis for such a model was initially suggested by Levy (33) , who proposed that the presence of an upper organic phase within the dissolution medium could be used to act as a reservoir for the dissolved drug. Briefly, the model utilizes a dissolution medium consisting of immiscible aqueous and organic solvents from which the organic solvent, by virtue of its physical properties, will separate. Dissolution of the drug in the aqueous layer is followed by a partitioning-transfer step, thus exploiting the lipophilicty (log P) of the compound. After partitioning, the aqueous layer dissolves more of the drug and thus the dissolution-partition cycle can continue. In this manner, the aqueous layer does not saturate, sink conditions are maintained, and the experiment will yield, in theory, complete dissolution.
There are several examples of the use of a biphasic dissolution system as a means of maintaining sink conditions, some of which look at CR formulations of poorly soluble drugs (34) (35) (36) (37) (38) (39) (40) (41) . However, there does not appear to be any example illustrating the use of a biphasic dissolution model to discriminate between CR formulations designed to release the API with different rates based on the matrix polymer content. This study ultimately aimed to illustrate the potential of a biphasic dissolution system as a simple, easy-to-implement tool utilizing the most commonly available USP 2 dissolution apparatus that could be used reproducibly as a means of maintaining sink conditions. It was hoped the model would be sensitive enough to detect changes in the release rates of CR formulations containing different HPMC (polymer) loadings in a manner not possible with traditional aqueous media. To assess the relative utility of the technique, the results produced were then compared with those generated in dissolution media incorporating inorganic salts, surfactants, and cosolvents as solubility modifiers.
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Nifedipine Solubility Determination
The solubility of nifedipine in water and octanol was determined by adding an excess of drug (15 mg) to solvent (1 mL) in a 1.5-mL Eppendorf tube (Eppendorf UK Ltd., Cambridge, Cambridgeshire, UK). Tubes were shaken at 37 °C using a thermomixer (Eppendorf UK Ltd., Cambridge, Cambridgeshire, UK), and samples were prepared in duplicate at 0.5, 1, and 24 h. Samples were centrifuged (Eppendorf UK Ltd., Cambridge, Cambridgeshire, UK) at 14000 rpm for 10 min. An aliquot of the supernatant was transferred to an amber vial (Agilent Technologies Inc., Santa Clara, CA, USA), and analysis was performed by the HPLC method specified below.
HPLC Analysis
All samples were analyzed by an isocratic, reversed-phase HPLC method using an Agilent 1100 chromatographic system fitted with a fixed-wavelength UV detector (Agilent Technologies Inc., Santa Clara, CA, USA). The analytical column was a 50 × 4.6 mm C18 Onyx Monolith (Phenomenex, Inc., Macclesfield, Cheshire, UK). A mobile phase consisting of 0.1% orthophosphoric acid/acetonitrile (68:32) at a flow rate of 3.0 mL/min was employed. The column oven temperature was maintained at 40 °C, the UV detection wavelength was fixed at 238 nm, and the chromatographic run time was 2.00 min. The HPLC was calibrated with nifedipine standards prepared using a diluent comprising acetonitrile/deionized (50:50) water.
Nifedipine CR Formulation Preparation
Nifedipine, HPMC, MCC, and lactose monohydrate were blended in a Turbula T2C mixer (Willy Bachofen UK, Welwyn Garden City, Hertfordshire, UK) for 10 min at a speed of 42 rpm. Magnesium stearate was sieved using a 250-µm stainless steel laboratory test sieve and added to the formulation, which was blended in the Turbula T2C mixer for an additional minute. Tablets were produced by direct compression, using a Lloyd LR50K Plus Universal Materials Testing Machine (Lloyd, Southampton, Hampshire, UK) at a constant compression force of 10 kN and a rate of 10 mm/min to provide tablets with a 200-mg image size.
In Vitro Dissolution Studies
Dissolution of Nifedipine API (Proof of Concept) Nifedipine (6 mg) was weighed into a glass vial, 0.5% MC in water solution (3 mL) was added, and the suspension was stirred for 30 min. Nifedipine is a photosensitive compound (42) (43) (44) , hence the vials were covered in foil to minimize light exposure. Dissolution studies were performed using USP Apparatus 2 in a Distek 6100 dissolution bath (Distek Inc., North Brunswick, New Jersey, USA). Testing was performed in triplicate (n = 3) in both monophasic (600 mL deionized water) and biphasic (600 mL deionized water and 250 mL octanol) dissolution media. The aqueous layer was added to each vessel, and the bath was heated to temperature. The nifedipine suspension was added, and the glass vial was washed with 20 mL of dissolution media to ensure complete transfer of suspension to the vessel. Octanol was added last to three of the vessels. Both media were kept at a constant temperature of 37 ± 0.5 °C and agitated at a rotation speed of 50 rpm.
Dissolution of Nifedipine CR Matrix Tablets
Dissolution studies were performed using USP Apparatus 2 in a Distek 6100 dissolution bath equipped with an Evolution 4300 Autosampler (Distek Inc., New Jersey, USA). Testing was performed in triplicate (n = 3) for the three nifedipine formulations in both monophasic (600 mL water) and biphasic (600 mL water, 350 mL octanol) dissolution media and in duplicate (n = 2) in the conventional aqueous (900 mL) medium. The medium was kept at a constant temperature of 37 ± 0.5 °C and was agitated at a paddle speed of either 100 rpm (mono/biphasic media) or 50 rpm (conventional aqueous medium). A µDiss Profiler (pION Inc., Woburn, MA, USA) was used to monitor the organic layer. The UV probes were fitted with a tip of 5-mm path length and held in the organic layer with clamps. Tablets were placed in 5-coil Japanese Pharmacopeia Basket Sinkers (Quality Lab Accessories LLC, Bridgewater, NJ, USA) to restrict tablet buoyancy. Figure 1 shows the experimental setup. The dissolution bath was encased in a black plastic bag, and the lights directly above the dissolution bath were switched off at all times to minimize light exposure. All sample preparation was conducted in a room with sodium lighting, and samples were placed in amber HPLC vials before and during analysis.
Dissolution Sampling and Analysis Dissolution of Nifedipine API (Proof of Concept)
Aqueous and organic samples (1 mL) were taken manually at 10, 20, and 30 min and 1, 2, and 17 h using a syringe and transferred to amber HPLC vials. Each sample was centrifuged at 14000 rpm for 5 min. The supernatant was transferred to an amber HPLC vial, and all samples were analyzed with the HPLC method stated previously.
Dissolution of Nifedipine CR Matrix Tablets
All aqueous samples were taken using the autosampler and transferred to amber HPLC vials. Samples (1 mL) were taken at regular intervals up to and including 20 h and analyzed by the HPLC method specified previously. For experiments using monophasic and biphasic media, sample time-points were 10, 20, 30, and 45 min and 1, 1.5, 2, 3, 4, 5, 6, 8, 10, 12, 14, 16, 18, and 20 h to maximize the number of data points obtained. With conventional aqueous media, samples were taken in accordance with USP convention for CR dosage forms, namely 0.5, 1, 2, 3, 4, 6, 8, 10, 12, 16, and 20 h. Analysis of the organic layer was performed using the µDiss Profiler. The instrument was calibrated against a standard (nifedipine in octanol) of known concentration. Further standards were prepared by dilution with octanol and analyzed to produce a calibration curve. The 100% transmittance and dark spectra were recorded before each experiment, and the instrument was recalibrated monthly to verify lamp performance consistency. The software was programmed to record measurements of the organic layer in real time, which for the purpose of this work, coincided with aqueous sampling time-points. The UV detection and baseline correction wavelengths were set at 254 nm and 280 nm, respectively. Dissolution profiles for biphasic media are presented as the sum of drug dissolved in aqueous and organic layers.
Statistical Analysis
A statistical tool used to assist with the interpretation and understanding of the dissolution data is the similarity factor, f 2 . Initially proposed by Moore and Flanner (45) , f 2 is defined by the FDA as a logarithmic reciprocal square-root transformation of one plus the mean squared (the average sum of squares) differences of drug percent dissolved between the test and the reference products:
where f 2 is the similarity factor, n is the number of observations, R j and T j are the percent of drug dissolved from reference and test formulations, respectively, at each time point j. Given the regulatory acceptance together with its simplicity, f 2 is widely used as part of a decision criterion to establish similarity of two formulations (46) . Two dissolution profiles are considered similar if f 2 is between 50 and 100 (47) . Given the sensitivity of the f 2 calculation to the number of dissolution points used, the FDA suggests only one measurement beyond 85% dissolution should be included (48) . In this investigation, f 2 was used to compare formulations designed to reach 85% dissolution at different times. Therefore, for any two profiles under comparison, the sample inclusion cutoff became the point at which the first curve exhibited a plateau. In some cases, this included more than one point after 85%; however, for our purpose this was deemed a suitably robust way of assessing the relative similarity. For profiles exhibiting low dissolution percentages (i.e., where 85% was not attained), the whole profile was used.
RESULTS AND DISCUSSION Proof of Concept
In this study, the calcium-channel-blocking agent nifedipine was chosen as a model drug because of its physical properties. Classified as a BCS Class II drug (49) , it has a pK a ≈ 1.0 (50) indicating that as a very weak base, it would remain un-ionized in the dissolution media used throughout the study. The drug also has a low aqueous solubility that remains approximately constant across the pH range 2-13 (≈0.6 µg/mL) (51, 52) . This value concurs with the experimentally determined solubility of nifedipine in water (Table 1 , value at 24 h taken as the equilibrium solubility), which illustrates that sink conditions may not be possible in most aqueous dissolution media.
The oral absorption of small molecules is largely determined by their ability to cross the GI tract, a process mediated by passive diffusion through the lipid membrane (53) . Octanol, like membrane lipids, has a hydrophobic, long alkyl chain and a polar hydroxyl group (54) . The ratio of un-ionized drug concentration in the organic and aqueous phases at equilibrium is the partition coefficient (log P). In accordance with this, water and octanol were selected as the aqueous and organic solvents used in the biphasic dissolution medium throughout this study, respectively. It should be noted that previous studies have reported biphasic media comprising a variety of alternative aqueous (SIF, HCl, SDS, and sodium phosphate-buffered water) and organic (chloroform, ethyl acetate, cyclohexene/octanol, and nonanol/octanol) solvents (34) (35) (36) (37) (38) (39) (40) (41) .
Log P is a routinely measured parameter used to predict drug absorption (55) . It has been suggested the log P values between 0 and 3 constitute an optimal window for drug absorption. Values that are too high (>6) or too low (<-3) have been associated with poor transport characteristics. High log P values correspond to compounds with poor aqueous solubility. Compounds with low log P values have a limited ability to penetrate membrane barriers (56) . The relatively lipophilic nature of nifedipine is reflected by a log P value of 2.86 (57) which, coupled with high octanol solubility (approximately 10 mg/mL, Table 1 ), suggested it as a good model drug because (1) it would partition successfully and (2) the biphasic system would provide sink conditions for dissolution.
To verify this, the dissolution of nifedipine API in both monophasic and biphasic media was performed. The paddle speed was set at 50 rpm in accordance with the USP dissolution method for Nifedipine Extended Release Tablets (test 2)and FDA recommendations (58, 59) , and arbitrary aqueous and organic volumes were selected such that sufficient aqueous dissolution could occur while maintaining organic sink conditions. The results confirmed the biphasic medium enabled greater drug solubility, in this case allowing a two-fold increase in percent dissolved over the course of the experiment compared with the monophasic medium. It also demonstrated that the drug, once dissolved in the aqueous solvent, partitioned rapidly into the organic layer.
Dissolution Method Development and Analysis of Nifedipine CR Matrix Tablets in Monophasic and Biphasic Media
The dissolution of three nifedipine CR matrix formulations in both monophasic and biphasic media was then assessed. As shown in Table 2 , slow, medium, and fast CR formulations consisting of nifedipine (10% w/w), HPMC K100LV (10, 20, or 40% w/w), MCC, lactose monohydrate, and magnesium stearate were prepared. Their respective release rates were engineered by altering the HPMC loading in each blend. Increasing the polymer loading will increase the tortuosity of the matrix, and the release rate of the poorly soluble nifedipine will be slower. The dissolution parameters were optimized following preliminary work with the medium-release tablets. Both layers were monitored throughout the entire experiment using a µDiss profiler (organic layer) and an autosampler (aqueous layer). An optimum paddle speed of 100 rpm was selected to ensure instant homogenization of drug in the organic layer following partitioning. The extent of solvent mixing before the experiment start was also assessed and determined to have no effect. The biphasic medium was 600 mL aqueous and 350 mL organic. The aqueous volume was selected to enable facile sampling by the autosampler probes, while a volume of 350 mL was sufficient to immerse the fiber-optic probe in the organic layer. The dissolution is initiated in the aqueous solvent while the organic layer acts as a drug reservoir, and can hence be considered as an external phase. Consequently, the monophasic (aqueous only) medium consisted of 600 mL water to mirror the aqueous content of the biphasic medium.
Dissolution in monophasic media ( Figure 2 ) failed to provide sink conditions. All formulation dissolution profiles reached a plateau at approximately 28% (solubility of 0.009 mg/mL in reasonable agreement with the experimentally determined water solubility of nifedipine) with the profiles appearing identical from 8 h onward. In the initial 6 h, the slow-release profile was different from the medium-and fast-release tablets. The largest difference can be seen when comparing the slow-and fast-release tablets at 1 h, where the percent claim differs by 11%. The medium-and fast-release tablets seem to have very similar release rates throughout with the largest difference in percent dissolved between the two being 2.3% at 1 h. Calculations of f 2 for the monophasic media are shown in Table 3 . By comparing the three profiles against one another, the data indicate that all profiles are similar. It would not be possible to discriminate among the formulations in water.
Dissolution was then performed in the biphasic medium (Figure 2) where, as hoped, sink conditions were maintained with the organic layer providing a reservoir into which the lipophilic drug can partition following aqueous dissolution. The true release rate of the three formulations was determined by providing conditions for complete drug dissolution. As a result, clear discrimination between all formulations was possible and confirmed by f 2 calculations (Table 4) .
Model Verification: Dissolution of Nifedipine Formulations in Conventional Aqueous Media
The capability of the biphasic dissolution model to discriminate among nifedipine CR formulations containing different polymer loadings has been demonstrated. The ability of aqueous media with different ionic strengths and surfactant concentrations and a hydroalcoholic medium to provide the same degree of discrimination was assessed. Given their widespread use in dissolution media, dibasic sodium phosphate and SDS were chosen as the salt and surfactant, respectively. The salt was added to the media at minimum and maximum concentrations of 10 mM and 150 mM, respectively. Additional media were prepared at the same concentrations together with 5% SDS. The final pH of the dissolution media was fixed at pH 6.8 given its physiological relevance (60) , and a volume of 900 mL was used. Figure 3A ,B shows the results obtained from the buffers containing only the salt. Figure 4A ,B shows the results obtained from the buffers containing both the salt and 5% surfactant. Table 5 summarizes the f 2 values for these experiments.
Dissolution in 10 mM buffer ( Figure 3A ) failed to provide sink conditions. The solubility at 20 h was 9 µg/mL, and an f 2 calculation indicates the similarity of the three formulations in this medium ( Table 5 ). The use of a 150 mM buffer ( Figure 3B ) produced results with a greater degree of similarity. The dissolution rate of the drug increased, with the medium-and fast-formulations releasing at equivalent rates. It is well established that increasing the ionic strength in a polymer solution reduces polymer solubility. This can be attributed to the salting out of the polymer by the ions present in the media. Drug release is more rapid as the polymer chains lose water of hydration due to the additional competition provided by the ions. Consequently, the polymer is less able to form a protective pseudogel layer (6, 61) . The results observed above are consistent with work reported elsewhere. Johnson et al. (62) investigated the effect of solutions with varying ionic strengths on the matrix integrity and drug release from hydroxypropyl cellulose (HPC) matrix compacts. They found that the dissolution rate of the compacts increased with increasing ionic strength. A similar observation was made by Mitchell et al. (63) for the dissolution of propranolol hydrochloride from HPMC matrices.
The addition of SDS afforded complete dissolution because of an increase in drug solubility. Dissolution in 10 mM buffer with 5% SDS ( Figure 4A ) enabled discrimination of the slow formulation while the other two remained statistically similar to each other. Dissolution in 150 mM buffer with 5% SDS ( Figure 4B ) did not allow any discrimination and afforded a faster dissolution rate than 10 mM. Dissolution was no longer fully predictive with the addition of surfactant. In 10 mM buffer with 5% SDS, the medium and fast formulations had identical release rates between 1 and 4 h. After this, the fast formulation apparently released slower than the medium formulation, before arguably demonstrating the slowest release rate of all three formulations from 12 h onward. In a 150 mM buffer with 5% SDS, the profiles only trend in the expected manner for the initial 30 min time-point. For the remaining dissolution, the blend expected to release the fastest was instead the slowest, while the other two formulations are within error throughout. This can be rationalized by considering the combined effects of the salt and the surfactant on the HPMC matrix.
The addition of inorganic ions disrupts the swelling ability of HPMC and produces a faster rate of drug release. In the above experiments, the addition of the salt did not increase the drug solubility. As specified above, SDS also interacts with HPMC and increases the release rate. The addition of SDS to the dissolution media enabled all drug to dissolve. If the combined effect of salt and SDS affects the swelling capacity of the polymer to a larger extent than the salt alone, it is plausible that the HPMC can no longer control the drug release in the usual manner. Consequently, dissolution of the three formulations may not correlate with the respective polymer loadings, while the profiles produced may be both unpredictable and variable.
Ethanol is a common choice of cosolvent. In 2005, the CR dosage form of the opioid analgesic Palladone was discovered to break down when ingested with alcohol. The peak plasma concentration of the active ingredient, hydromorphone, increased to lethal levels, and the drug was consequently withdrawn from the market (64) . Testing with ethanol is commonly used to assess the propensity for dose-dumping to occur with other drugs. A common choice of ethanol concentration is 40%, the concentration found in many spirits (65) (66) (67) .
Calpena et al. (68) determined that the solubility of nifedipine in a 50:50 ethanol/water solution is 6.5 mg/mL. It was hence believed that sink conditions would be maintained in a 40% ethanolic solution. This experiment was performed to assess the ability of a dissolution medium of 60:40 water/ethanol to discriminate between the nifedipine CR formulations. The data are presented in Figure 5 .
The hydroalcoholic medium enabled all formulations to be discriminated in a manner only seen previously using the biphasic medium (Table 6 lists the f 2 calculations for these data). While the slow formulation was statistically different in some of the other media investigated, the hydroalcoholic medium was the only one to provide an f 2 value less than 50 when comparing the medium and fast formulations. Moreover, the data are fully predictive. This discrimination can be explained by considering the ability of the ethanolic solution to maintain sink conditions because of the hydrophobic nature of the medium. The discrimination is not as powerful as that produced with the biphasic model, and some differences in the release profiles do exist. Firstly, dissolution of the slow formulation in the hydroalcoholic medium is faster initially. The plot follows near zero-order kinetics before beginning to plateau at 12 h. By comparison, a sigmoidal profile is generated from the dissolution in a biphasic medium. Secondly, the fast formulation is slower in the hydroalcoholic compared with the biphasic media, where 80% claim is achieved in approximately 3 h and 1 h, respectively. These differences could be attributed to the different dissolution environments present in the two media. Dissolution in the hydroalcoholic medium exposes the tablet to different hydrophobic interactions and a substantially different wetting environment compared with the aqueous layer of the biphasic medium. The biphasic system does provide a distinct advantage in allowing the matrix to operate in a fully aqueous environment. This might be considered more relevant than the ethanolic system to in vivo conditions.
CONCLUSIONS AND FUTURE WORK
The biphasic model has demonstrated potential as a facilitative dissolution tool in CR formulation development. An optimized water/octanol system enabled discrimination among nifedipine formulations with different polymer loadings. The same discrimination was not achieved in water or media incorporating dibasic sodium phosphate and SDS. Use of buffers containing sodium phosphate failed to remove the sink limitation. Addition of SDS, while affording sink conditions, failed to adequately predict the expected trend. This was attributed to a breakdown of the tablet matrix by the SDS. Use of a hydroalcoholic medium allowed statistical discrimination of the three nifedipine formulations as sink conditions were maintained because of the increased hydrophobicity of the dissolution medium. Discrimination was not as conclusive as with the biphasic system, however, while the relative biorelevance of hydroalcoholic media remains a concern.
Given the large number of BCS Class II drugs (50-60%) in pharmaceutical drug pipelines (69) , this work will be useful in the analysis of poorly soluble, highly permeable drugs. Other BCS Class II compounds should be studied to assess the model's potential for widespread application. It should also be emphasized that this model is useful specifically for those drugs that are sink limited in traditional dissolution media. While it is anticipated that BCS Class I compounds can be analyzed using a biphasic system, their high solubility removes the challenge associated with generating sink conditions (70) . Of greater interest would be the assessment of poorly permeable drugs (BCS Classes III and IV), where the potentially limited partitioning ability of such drugs following aqueous dissolution may pose analytical issues (71) . Further work to model the partitioning rate would be necessary to aid the selection of an optimum organic solvent. An extension of this study should focus on elucidating the compatibility of the biphasic model with a variety of other BCS Class II drugs and on investigating its potential compatibility with BCS Class III and IV drugs.
